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MUON G-2 AND THE LHC

Lepton magnetic moment and 1ts anomalous part:
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LEPTON ANOMALOUS MAGNETIC MOMENTS

Electron anomalous magnetic moment measured at Harvara:

aS*P = 1.15965218073(28) x 10™° (0.24 ppb)

[Hanneke, Fogwell, Gabrielse, PRL 100 (2008) 120801 ]

SM prediction including electromagn. corrections up to (a/x)°:

CLSM = 115965218178(77) X 10_3 [Aoyama et al, PRL 109 (2012) | 11807]
— fine structure constant o~ = 137.035999174(35)

Muon anomalous magnetic moment measured at Brookhaven:

a$P = 1.16592080(54)(33) x 1077 (0.54 ppm)

[BNL Muon g-2 collaboration, PRD/3, 072003 (2006)]
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MUON G-2 IN THE STANDARD MODEL

[Davier et al,, EurPhys). C71(201 1) 1515]
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[Davier et al,, EurPhys). C71(2011) 1515]
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Discrepancy between standard model and experiment ~ 3o.



NEW PHYSICS IN G-2

Aay =aS® —a) = (287 £80) x 107" ~a"

[Jegerlehner, Nyffeler, arXiv:0902.3360]

Focus on mass range accessible in direct production at LHC:
Ll L= (@

Mnp > 100 GeV
O = 0(1)
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[cf. Agrawal, Chacko, Verhaaren, arXiv:1402.7369]



PROMINENT EXAMPLES

Supersymmetric Standard Model

, m
tan 8 enhancement from muon Yukawa coupling y,, = 7“ tan f3

Hy W B B B ;) 2
~ 15
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MR y,u Y AL PR iR pr pr - HR 1R y:u HL

[see, for instance, Stdckinger, |.Phys.G34 (2007) R45]

Light dark matter (Ms S Mp ~ 1GeV)

Aay, favors Mg /A < 100 GeV

Here: dark scalar plus fermion mediator

[e.g. Gninenko 2001, Fayet 2007/, Pospelov 2008, Agrawal, Chacko, Verhaaren, arXiv: [402.7369]
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new boson and new fermion

How can we test such g-2 candidates at colliders?
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A MODEL-INDEPENDENT APPROACH

Consider new fields:
* spin O,1/2,1 and integer electric charge
* weak singlets, doublets, triplets (all color singlets)

Three classes of one-loop contributions to a,, :
-
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One new field Two new fields Two mixing fermions

9



GENERAL PARTICL

[vecto r-

:

VWeak multiplet members
are degenerate in mass.
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New fermions:
like weak interactions

J

Real, perturbative
couplings to leptons.

eed

Assumption: Interactions are minimally flavor-violating.
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MINIMAL FLAVORVIOLATION

Strong experimental bound on flavor violation ~ A .

M

1TeV*
Ay

B(pu — evy) ~ 6.34 x =y ( ) ]Aueyz < 5.7 %1071 [MEG collaboration, 2013]

[Cirigliano et al, Nucl.Phys.B728 (2005) 121]

-V implications for g-2 scenarios:

~ermions In fundamental representation of G = SU(3)r x SU(3)..

'hree flavor copies of new fermions.

* (At least) one Yukawa suppression, here: A, ~ y,,.
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Eﬁm ONE NEW BOSON: LEP BOUNDS

M > /s ~ 200 GeV: 4-lepton contact interactions

0 € . 0 >
ge ; ik
A . 3 Mg§ < (0.0003 GeV—1)?
VO, ¢ V,o [LEP colls., hep-ex/06 12034]
/+ ot Vs

excluded

€

M
+

M < 200 GeV : neutralino resonance searches
ete” = (V°,0°)y = 0740~

OPAL |

— go/My ¢ < 0.0008 GeV ™!

0 280 300

[OPAL coll, EurPhys,. C |3 (2000) 553]

Exclude neutral vector boson and scalar doublet
or scalar adjoint triplet as explanations of Aa,,.
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NEW F
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New fermions mixing with SM leptons, € =

(H)

/G —YQEHKR + h.c. —>»

Global fit to LEP data: |e| < 0.03

e V-

>W< .

et /T

-RMION: LEP BOUNDS
Yov
m .
E%VI%RZM (@)

and (1 — €2/2)¢ry*4rZ, (LEP)

€ /2)

[Aguila et al, PRD78 (2008) 013010]

Excludes explanation of Aa,, by a fermion doublet or
charged singlet (neutral singlet and triplet yield §a,, < 0).
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MIXING VECTOR FERMIONS
(Here: charged singlet 1™ and doublet ¥'p)

Two viable scenarios of minimal flavor violation:

a)y* = (3,1), ¥p = (1,3)
Yl 0.2, [¢] <0.03
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Electron g-2:

Consider ¥~ = ¥p = (3, 1):
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- (),82) X 1()_12 [Aoyama et al, PRL 109 (2012)111807]

W excluded by a, (3,1)
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ED\EW TWO NEW FELDS: LEP BOUNDS

Indirect bound on SM-NP-NP couplings at one-loop level:

M2 /5
m >-< : 67T2 M2 < (0.0003 GeV~1)?

[LEP colls., hep-ex/0612034]

LEP constraints on da,, In regions of strong couplings:
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VIABLE G-2 CANDIDATES AFTER LEP

One new field _ Mixing fermions
e charged vector singlet V= v

Two new fields
» ¢°+ 9™ :neutral scalar + charged fermion singlet

* p + ¥4, scalar doublet & fermion triplets (Y=0 and Y=-1)
* ¢4+ 7 :scalar adjoint triplet & fermion triplet (Y=-1)

e

» V= +49" :charged vector singlet & neutral fermion
* Va+9p :vectoradjoint tmplet & fermion doublet

One-loop LEP bounds optional;
may be relaxed by tree-level NP




REC | TESTS AT THE B

(Here: charged vector singlet & neutral fermion singlet)

Mv<M¢ Mv>M¢

Ve "

Assumptions

* Drell-Yan pair production (model-independent).
* [wo new fields: constrain the lighter one (no cascades).
o [f this is a SM singlet, look for cascade decays.

* Decay dominantly (and flavor-universally) into leptons.
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BECAS [ SEARCHES BY ATLAS S

(charged vector singlet & neutral fermion singlet ctd.)
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LHC CONSTRAINTS ON G-2
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LHC4: rescaled event yield N14(300 ") = Ng(20fh ™)
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Mixing fermions for g-2 cannot be excluded at the LHC.
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PROSPECTS: ORIGIN OF G-2 ANOMALY?

e Current g-2 uncertainties:

B =163 <10 o)~ 49X 10T

e Fermilab’s E989 and J-PARC: A
Jas® e £16 x 10~ - '
RS e Gicditedlicea SIMierror: o
5aiM ~ 435 x 10~
Jotal uncertainty may be :ig(:p :
reduced by a factor of 2. e :
S N T NS R REEE R N ] R R
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[Blum et al, arXiv:1311.2198]  a,-11659 000 (107°)
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SUMMARY

Combined with LEP bounds,

all of our simplified models for g-2 but mixing fermions
can be conclusively tested at LHC during run Il.

In case Fermilab and |-PARC find indirect evidence of new
particles in g-2,the LHC might provide
the only (?) way to discover them directly.
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